Objective: The purpose of the study was to evaluate coping and psychological functioning of parents of children prenatally or postnatally diagnosed with congenital heart disease.
Introduction
The incidence of congenital heart disease in the general population is about 1%. Severe congenital heart disease, including hypoplastic left heart and single ventricle defects, represents approximately 10% of all congenital heart disease in the newborn. 1 Over the past 10 years, advancements in fetal ultrasound have increased the number of children prenatally diagnosed with heart disease. However, because only limited cardiac views are generally obtained during a low-risk obstetrical scan, only those severe forms of congenital heart disease with markedly abnormal four-chamber views are identified. Prior studies have shown that the spectrum of heart disease diagnosed in utero is much more severe than expected, with lesions such as hypoplastic left heart predominating. 2, 3 It has been suggested that because routine obstetric ultrasound scanning fails to identify many cardiac abnormalities, detailed fetal echocardiography should be utilized. 4 Inclusion of fetal echocardiography as part of routine screening resulted in the prenatal diagnosis of congenital heart disease in a significant number of mothers who were thought to be at 'low-risk' for having a child with congenital heart disease. 5 Prenatal diagnosis has been described as advantageous for parents because it allows them the opportunity to weigh treatment options or consider termination of the pregnancy. 6, 7 Prenatal diagnosis is also thought to improve the infant's chances of survival by getting the patient the correct pre/postnatal care. For example, prenatal diagnosis of hypoplastic left heart syndrome has been associated with reduced early neurologic morbidity. 8 Long-term neurodevelopmental outcome may be better for those patients diagnosed prenatally; however, further outcome studies are needed. 9 Although several recent studies have evaluated the impact of prenatal diagnosis versus postnatal diagnosis on surgical outcome in patients with severe congenital heart disease (including hypoplastic left heart syndrome), the psychological aftermath of the prenatal diagnosis of severe congenital heart disease has not been well investigated. The experience of prenatal screening, including fetal echocardiogram (echo), has been found to be stressful for mothers and their partners. [10] [11] [12] Women who were prenatally diagnosed with other malformations were found to have mood and anxiety levels comparable to patients with a major depressive episode; 13 such levels of anxiety throughout the pregnancy may have a negative impact on the fetus. 14, 15 Prenatal knowledge about a congenital anomaly was associated with increased family burden and increased parental grief 1 year after the child was born. 16 In contrast, other studies have found that mothers were emotionally better able to cope with an infant with severe heart disease or other congenital abnormalities when they had time to prepare themselves prenatally. 3, 17 In a study of mothers who had recently delivered infants with congenital heart disease, 92% who had undergone fetal echocardiography reported that they were glad they had the test, and all of the mothers who had not had a fetal echocardiography reported that they wished that they had. 18 Another study found that all parents who had experienced an abnormal fetal echocardiography were glad they had the information so that they could plan for the future.
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The goal of the present pilot study was to prospectively evaluate (at different time points) coping and psychological functioning of parents of children prenatally diagnosed with congenital heart disease and parents of infants with similar forms of heart disease diagnosed at the time of birth. We hypothesized that parents would have similar amounts of distress at the time of diagnosis, but that the prenatally diagnosed parents would have less stress than the postnatally diagnosed parents at the time of birth. In addition, we hypothesized that both groups of parents would report lower levels of distress 6 months after birth. Results could be used to identify psychological needs of these families to improve clinical care.
Methods
The study took place at Children's Hospital of Wisconsin. The study population included couples who had infants prenatally diagnosed with congenital heart disease by fetal echo, and couples whose infants were diagnosed with congenital heart disease shortly after birth. As this was a pilot study, the goal was to recruit 10 couples in each group. The study was approved by the Institutional Review Board of Children's Hospital of Wisconsin. Families were approached for participation within 1 week of diagnosis, whether prenatal or postnatal.
After giving informed consent, mothers and fathers separately completed the Brief Symptom Inventory (BSI), 19 a self-report measure that assesses global symptoms of psychological distress. The BSI includes a global index of distress, the Global Severity Index (GSI), which is considered the most sensitive indicator of the respondent's distress level. The BSI also includes nine symptoms dimensions (such as anxiety, depression). T scores are calculated (mean ¼ 50; s.d. ¼ 10). A BSI is considered clinically significant if the GSI T score is X63, or if the T scores of two dimensions are X63. Internal consistency reliability coefficients for all nine dimensions ranged from 0.71 to 0.85. Discriminant and construct validity have been well established. 4 The prenatal group completed the BSI at the time of diagnosis (fetal echo), shortly after birth and 6 months after birth. The postnatal group completed the BSI at the time of diagnosis (shortly after birth) and 6 months after birth. Prenatal and postnatal groups were compared to each other and to a normative sample, using the GSI score as the outcome variable.
In addition to completing the BSI, parents in both groups were interviewed (mothers and fathers together) at the time of diagnosis and 6 months following the child's birth. Interviews were conducted by one of the authors (BW). Semi-structured questions focused on the psychological impact of the diagnosis, parental coping and the experience of parenting a child with congenital heart disease. Interviews were taped, transcribed and evaluated for themes of psychological distress.
Data analysis
The SPSS statistical software package was used for statistical analyses. Independent samples t-tests were conducted to compare the prenatal and postnatal groups to test norms. For the prenatal group, a one-way repeated measures analysis of variance was calculated comparing the BSI score at three different times: diagnosis, birth and 6 months after birth. For the postnatal group, a paired t-test was calculated to compare the BSI score at diagnosis and 6 months after diagnosis. Independent sample t-tests were conducted to compare BSI scores for the prenatal and postnatal groups to each other at the time of diagnosis, birth and 6 months after birth/diagnosis. w 2 -tests were calculated for categorical variables. Pearson's bivariate correlations and Wilcoxon signed ranks were calculated to determine differences between mothers and fathers on GSI scores.
Because of limited power, in addition to reporting P-values, we also calculated effect sizes to provide information about differences between groups that are clinically meaningful, even though they may not be statistically significant. The effect size quantifies the size of the difference between groups. It is calculated by subtracting the mean of group one from the mean of group two and dividing by the s.d. For the purposes of behavioral science research an effect size of 0.2 is considered 'small', an effect size of 0.5 is considered 'medium' and an effect size of 0.8 is considered 'large'. 20 
Results

Demographics
Of the 11 prenatally diagnosed families who were approached to participate, 10 of them agreed, representing a 91% response rate. The family who declined to participate had a child with hypoplastic left heart syndrome and indicated that things were 'just too pressing right now.' All of the couples were married, and 80% of the couples had other children. Diagnoses of the affected children were coded as 'severe' or 'not severe' based on chart review, and included hypoplastic left heart syndrome (n ¼ 5, 'severe'); complex single ventricle (n ¼ 2, 'severe'); transposition of the great arteries (n ¼ 1, 'severe'); tetralogy of Fallot (n ¼ 1, 'not severe') and critical aortic stenosis (n ¼ 1, 'not severe'). In total, 80% of the affected children in the prenatally diagnosed families had severe lesions.
In contrast, of the 16 postnatally diagnosed families who were approached to participate, only 7 of them agreed, representing a 44% response rate. Most often, the reason the postnatally diagnosed parents gave for not participating was that they were 'too overwhelmed.' Diagnoses of the children of the parents who declined to participate included hypoplastic left heart syndrome (n ¼ 5, 'severe'); transposition of the great arteries (n ¼ 3, 'severe') and tetralogy of Fallot (n ¼ 1, 'not severe'). In total, 89% of the parents who declined to participate had children with severe lesions.
Of postnatally diagnosed couples who participated in the study, 86% were married and 57% of the couples had other children. Diagnoses of the affected children whose parents agreed to participate tended to be less severe and included coarctation of the aorta (n ¼ 3, 'not severe'); hypoplastic left heart syndrome (n ¼ 1, 'severe'); transposition of the great arteries (n ¼ 1, 'severe'); total anomalous pulmonary venous return (n ¼ 1, 'severe') and critical pulmonary stenosis (n ¼ 1, 'not severe'). In total, 57% of the postnatally diagnosed families had children with less severe lesions. Due to the difficulty recruiting postnatally diagnosed families, the goal of 10 families in this group was not achieved.
Brief symptom inventory Prenatal group. There was no statistical difference in BSI scores in the prenatal group from the time of diagnosis, to the time of birth, to 6 months following birth (F(2,18) ¼ 1.74, P ¼ 0.204). However, BSI scores were higher than test norms at the time of diagnosis, birth and 6 months after birth (all P<0.05, see Table 1 ). Effect sizes ranged from 0.44 to 0.51.
Postnatal group. For the postnatally diagnosed group, overall BSI scores decreased from the time of diagnosis (shortly after birth) to 6 months after birth (P<0.0001, see Table 1 ). When compared to test norms, at the time of diagnosis, the postnatal group had higher BSI scores (P<0.0001, effect size ¼ 0.65, see Table 1 ). At 6 months after birth, the postnatal group did not score significantly higher than test norms on BSI scores (effect size ¼ 0.12, see Table 1 ).
Prenatal versus postnatal group. At the time of diagnosis, there were no significant differences between the prenatal and postnatal groups on BSI scores (effect size ¼ 0.26). Six months after birth, when compared to the postnatally diagnosed group, the prenatally diagnosed groups had higher BSI scores (t ¼ 2.092, P ¼ 0.05; effect size ¼ 0.42).
Although it is helpful to compare the groups to each other and to test norms, it is also clinically useful, particularly in a pilot study, to look at scores of individual respondents to determine clinical significance. While the group mean may not be in the clinically problematic range, there may still be individuals within that group who are in psychological distress. When data were analyzed in this fashion, 58% of parents (n ¼ 11) whose child was prenatally diagnosed had BSI scores in the clinically significant range at the time of diagnosis. Seventy-one percent of parents (n ¼ 10) whose child was postnatally diagnosed had BSI scores in the clinically significant range at the time of diagnosis (shortly after birth). This difference was not clinically significant. Seventyfive percent of parents (n ¼ 12) whose child was prenatally diagnosed had BSI scores in the clinically significant range at birth. The percentage of parents with BSI scores in the clinically significant range did not differ between groups at birth. At 6 months after birth, 45% of parents (n ¼ 5) whose child was prenatally diagnosed had BSI scores in the clinically significant range, whereas 10% of parents (n ¼ 1) whose child was postnatally diagnosed had BSI scores in the clinically significant range at 6 months after birth. This difference approached clinical significance (w 2 (1) ¼ 3.226, P ¼ 0.072).
Mothers versus fathers. We were also interested in gender differences, as previous research has found that men and women cope in different ways. 11 For the entire sample, there were no significant differences on the percentage of mothers versus fathers in the clinically significant range on the BSI at the time of diagnosis, birth or 6 months after birth. The percentage of parents in the clinically significant range on the BSI did not differ between Psychological distress in parents of children with heart disease CL Brosig et al mothers and fathers at the time of diagnosis, at birth or 6 months after birth in either the prenatal or postnatal group. Bivariate Pearson's correlations and Wilcoxon signed-rank tests comparing mothers and fathers within pairs did not reveal any significant differences on BSI scores at the time of diagnosis (r ¼ 0.387, P ¼ 0.138; Z ¼ À932, P ¼ 0.351); at birth (r ¼ 0.216, P ¼ 0.440; Z ¼ À0.853, P ¼ 0.394) or 6 months after birth (r ¼ À0.110, P ¼ 0.763; Z ¼ À0.890, P ¼ 0.373).
Lesion severity. Because the majority of the families in the prenatal group had children who were affected with severe heart lesions, whereas the majority of the families in the postnatal group had children who were affected with less severe lesions, we were concerned that BSI scores may be confounded by lesion severity. Therefore, we conducted additional analyses to determine the relationship between BSI scores and lesion severity. w 2 -analyses for the entire sample indicated that the percentage of parents with BSI scores in the clinically significant range at the time of diagnosis did differ by lesion severity: 81% of parents who had children with severe lesions had BSI scores in the clinically significant range, compared to 33% of parents who had children with less severe lesions (w 2 (1) ¼ 7.483, P ¼ 0.006). BSI scores did not differ significantly by lesion severity at the time of birth or 6 months after birth. Due to the small sample size, further statistical analyses (prenatal versus postnatal diagnosis by lesion severity by BSI score) could not be calculated. However, percentages of parents with BSI scores in the clinical range broken down by lesion severity and diagnosis group are presented in Table 2 .
Clinical interviews
We conducted clinical interviews with parents at the time of diagnosis and 6 months after the child was born. At diagnosis, similar themes emerged in both groups. Many parents felt angry. For example, one mother in the prenatal group stated 'I was kind of madythey tell you if you don't drink or smoke you're going to have a healthy baby and that doesn't always work either.' A mother in the postnatal group commented 'I was a little angry because we had an ultrasound. Why wasn't something picked up?' Anger was not as prevalent at the 6-month follow-up interview.
Another common theme was a sense of disbelief. A prenatal father said 'It really hasn't hit home with me yetyshe's not even born yet. Finding out she's not even healthy, I'm still in shock'. Similarly, a postnatal mother stated 'It's kind of hardyyou just feel kind of shocked and it's hard to accept it.' Guilt was another common emotion, particularly among mothers. A prenatal mother commented 'They told us don't think of it as anything you did, but of course you're going to question. You watched what you ate, you didn't drink, you weren't around any smoking, you were careful about activities. Why is this happening?' Fear was also a common experience. For the prenatal parents, they reflected on the fear they experienced during the remainder of their pregnancy, after the diagnosis had been made: 'I was scared of what was wrong and what was happening. Scared he wasn't going to live.' Both groups of parents expressed fears about the baby's survival: 'I have a lot of fearsyif the baby doesn't make ityemotionally, how am I going to handle this?'
Regarding the experience of having a fetal echo, parents in the prenatal group indicated that although it was stressful to learn of the diagnosis before the baby was born, they felt that it did not change their feelings about the pregnancy. In fact, many of the couples reported enjoying the pregnancy, cherishing every moment that their baby was still alive. They reported that knowing about the diagnosis before birth gave them time to prepare themselves. One father commented 'I could not imagine going through this if we had not had the time to prepare.' Several parents in the postnatal group commented that they wished they had known about the diagnosis sooner.
Although interviews suggested that both groups of parents were doing better emotionally 6 months after birth, many parents commented how difficult the experience of parenting was for the first 6 months of their baby's life. This was particularly true for the parents of children with hypoplastic left heart syndrome. These parents commented that raising the child was more difficult than they expected. One father stated 'There was no way to prepare for how hard this would be. It's been a constant adjustment.' Although parents were now less fearful about their child's survival, worries related more to their baby's development, as some of the children were showing delays. One mother said 'The last thing we need is for something else to be wrong with our baby. It's a fear, we want him to develop, but he is behind.' In addition, parents commented on how big of an impact having a child with congenital heart disease had on their family. One mother commented 'For six months, it was intensely depressing. I didn't know what this was going to do to me as a person and to our relationship as a couple and to our relationship with our kids. I didn't think it would be so tough. We now have to rebuild our family.'
Discussion
The results of this study highlight that parents of children born with severe congenital heart disease experience high levels of psychological stress at the time of diagnosis. Parents also report high levels of psychological distress when the baby is born, regardless of when the diagnosis is made. Seventy-one percent of postnatal parents and seventy-five percent of prenatal parents had BSI scores in the clinically significant range at the time of birth. These results are similar to other research which showed that mothers who had other congenital abnormalities diagnosed had anxiety and depression scores similar to patients with a major depressive episode. 13 It was hypothesized that the prenatal group would have lower stress scores at birth, because they had more time to prepare, but this hypothesis was not supported. Interestingly, scores in the prenatal group did not change significantly from diagnosis, to birth, to 6 months after birth.
While a prenatal diagnosis did not result in decreased levels of emotional distress, it did not result in increased levels of distress either. Clinical interviews suggested that the prenatally diagnosed parents felt better while the pregnancy was ongoing, because they were still able to protect the baby at that point. They also noted that the whole experience did not seem real until the baby was born. Despite the high levels of emotional distress in the prenatal group, these parents did report that they were grateful they had time to learn about the diagnosis and prepare for it before the baby was born.
One possible reason that the groups did not differ from each other at birth is that the two groups were not as comparable as we had hoped. The children of the parents in the prenatal group had more severe congenital heart disease, which may have contributed to higher distress scores in this group despite having time to prepare before the birth. Despite the diagnosis, all but one prenatal family was able to participate in the study. In contrast, over half of the postnatally diagnosed parents were not able or willing to participate because they were 'too overwhelmed.' Those unable to participate had diagnoses more equivalent to the prenatal group, yet being unable to participate likely indicates that they were in a worse psychological state. Had these parents completed the BSI, group comparisons may have been different.
We did find a relationship between lesion severity and BSI scores at the time of diagnosis: parents who had children with severe disease were more likely to have BSI scores in the clinically significant range. A higher percentage of parents of children with severe disease still had BSI scores in the clinically significant range at 6 months follow-up (38% of parents of children with severe disease versus 12% of parents of children with less severe disease), although this difference was not statistically significant. Distress scores may not improve over time in parents of children with severe disease, because these parents face ongoing stressors related to their child's illness. Parents talked about the difficulty of parenting a child with congenital heart disease, and the strain it placed on their relationship as a couple as well as their family life. Many children with severe lesions undergo multiple surgeries over a period of several years, and are never truly 'fixed'. In contrast, distress scores of parents of children with less severe disease may improve significantly over a shorter period of time, as less severe lesions are often repaired shortly after birth and only require one procedure. Difference in lesion severity may partially explain why the prenatal BSI scores did not improve over time, whereas the postnatal BSI scores did improve. It appears that parental adjustment is affected by multiple factors, and cannot be solely attributed to disease severity or timing of diagnosis. Future research utilizing a larger sample size would be helpful in determining the multiple factors that contribute to parental adjustment. The small sample size and the limited power to detect statistically significant differences is a limitation of the current study.
Overall, results suggest the need for psychological support for these parents, regardless of when the diagnosis of congenital heart disease is made. Parents of children with severe congenital heart disease, such as hypoplastic left heart syndrome may be at an increased risk for psychological distress. Although prenatally diagnosed families did not regret learning about their child's diagnosis before birth, they may need counseling throughout the pregnancy to deal with feelings of anxiety, sadness and guilt. Both groups of parents could benefit from intervention at the time of birth. Finally, although the medical team may assume that families do fine once their child has survived surgery, our results highlight ongoing stressors these parents experience. Education regarding what the parenting experience may be like would be helpful, as well as ongoing psychological intervention.
